combined with the present intensity study to provide an improved CH 3 Br database for atmospheric applications.
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INTRODUCTION
Methyl bromide (CH 3 Br) is an atmospheric trace gas of interest because of its contribution to stratospheric ozone depletion. Methyl bromide has both natural and anthropogenic origins. Its known sources include natural production from oceans [1] and biomass burning [2] . Methyl bromide is also industrially produced for use as an agricultural fumigant. With a tropospheric mixing ratio of 9-11 pptv in the Northern
Hemisphere (with an increase of about 0.15 pptv per year) and about 8 pptv in the Southern Hemisphere, it is believed to be the single largest contributor of stratospheric bromide [3] . However, until present, no attempts have been made to determine atmospheric concentrations of CH 3 Br using infrared spectroscopy. For this, accurate modeling of the infrared spectrum of CH 3 Br, including line intensities, is indispensable.
There have been various investigations in the past on the infrared and microwave spectra of methyl bromide. An extensive review of the spectroscopy of this molecule was given by Graner [4] . The most recent infrared work on this molecule including line intensities was published in 2002 by Brunetaud et al. [5] . In that work, highresolution spectra of the ν 6 band of CH 3 Br between 820 and 1120 cm -1 were recorded and line positions and intensities were predicted for atmospheric remotesensing applications.
Although the line positions in the 7 µm region (containing the two interacting fundamentals ν 2 and ν 5 ) have been reinvestigated recently at high spectral resolution [6] , little is known about the line intensities in this region. The integrated band intensities of these two overlapping bands were measured in the past by different groups [7] [8] [9] [10] , using band separation techniques applied to low-resolution spectra.
However, no line by line study of absolute intensities at 7 µm of CH 3 Br is presently available. At the present time, no spectroscopic information (including line positions, intensities, and linewidths) on CH 3 Br is available from either the HITRAN [11] or the GEISA [12] databases.
The purpose of the present study was to measure the absolute infrared intensities for the two fundamentals ν 2 and ν 5 of CH 3 79 Br and CH 3 81 Br, and to provide a CH 3 Br compilation at 7 µm for databases. The intensity parameters were derived by analyzing a set of individual line intensities accurately measured using a Fourier
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transform spectrometer Bruker IFS 120 HR. Modeling of the intensities was achieved within a two-interacting-band system, i.e., ν 2 and ν 5 , such a model being required to account properly for the strong Coriolis coupling between ν 2 and ν 5 . The formulation of the model was developed in Ref. [13] for a vibrational system including up to five interacting bands. The intensity fit of experimental data led to the determination of the dipole moment derivatives S is made and compared with previous determinations [7] [8] [9] .
The following sections present respectively the experimental details, the theoretical treatment leading to line intensity data, the procedure used for extracting the individual band strengths 2 S and 5 S , and comparisons with previous works. From the resulting values of the dipole moment derivatives, a global line-by-line prediction is now available for atmospheric applications. For applications of our database to atmospheric remote sensing and retrieval of methyl bromide concentrations, we plan also to investigate line broadening in this region. That work is in progress.
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EXPERIMENTAL DETAILS
Four absorption spectra of methyl bromide were recorded using a Fourier transform spectrometer Bruker IFS 120 HR. They were not numerically apodized. The instrument was equipped with a MCT photovoltaic detector, a Ge/KBr beamsplitter, and a Globar source. The whole optical path was under vacuum, and a 1.15 mm entrance aperture diameter was used. The MCT detector was used in conjunction with an optical filter, with a bandpass of 1150-1550 cm -1 , to minimize the size of the interferogram data files and also to improve the S/N ratio. In this study, we used a White type multipass cell that provides a 415 ± 1 cm path length. The experimental set-up used in this study was previously described in Ref. [14] . All measurements were carried out at room temperature and, during the recording of the spectra, the temperature was continuously monitored using platinum sensors attached inside the cell. The sample of CH 3 Br, with bromine at natural abundance, was obtained from
Fluka. The chemical purity of CH 3 Br was specified to be better than 99%. The sample was used without further purification. In order to work nearly under Doppler conditions and thus to minimize collisional broadening, the methyl bromide pressures ranged between 0.1991 and 0.4028 mbar and the gas pressure was measured with an absolute uncertainty of 0.4%, using a MKS Baratron gauge with a full-scale reading of 1 mbar. The conditions of absorption path length, pressure, temperature, and resolution are provided in Table 1 . The experimental uncertainties for temperatures, pressures, and optical paths were estimated to be 1 K, 0.4%, and 1 cm, respectively. Spectral calibration is achieved by using residual water vapour absorptions in the interferometer. Twenty lines of H 2 O between 1250-1550 cm -1 were used with reference wavenumbers taken from [15] . The spectral calibration is accurate to 4.6 × 10 -4 cm -1 (RMS). Figure 1 shows, for the four spectra recorded in LADIR, the overviews of the entire ν 2 and ν 5 bands of CH 3 Br.
Line positions and intensities were retrieved from each individual spectrum using a non-linear least squares fitting technique. Each spectrum was compared to a computed synthetic spectrum and the line positions and intensities were adjusted to reduce the differences between the observed and computed spectra. This treatment was done on intervals smaller than 0.4 cm -1 , in the range 1270-1540 cm -1 . Synthetic spectra were calculated as sums of Voigt profiles and no line mixing was introduced.
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They were then convoluted with an apparatus function which takes into account the finite path difference and the finite entrance aperture [16] . A sample is shown in .atm -1 at given temperature. In Table 2 , a sample of individual measurements and the resulting averages is shown; it is seen that the precisions of the measurements are generally better than 3%. The quantities "Pos -ave" and "Int -ave" are the differences between the individual and averaged values for the positions and intensities, respectively.
INTENSITY ANALYSIS

Description of the model
The formulation developed in Ref. [13] for v C 3 molecules allows to calculate the line positions and intensities for a vibrational system including up to five interacting bands, i.e., 2ν n , ν n + ν t , 2ν t , ν n' , ν t' , where n (or n') and t (or t') represent nondegenerate A , or twofold degenerate E vibrations, respectively. This set of programs has been used in a series of papers related to v C 3 symmetric top molecules including CH 3 Br [5, 6, 13, 17] .
The restriction of this formulation to the dyad system ν n' /ν t' can be quite suitably used in the present intensity analysis of ν 2 and ν 5 of CH 3
79
Br and CH 3 81 Br. In this way, the Coriolis coupling between the modes 2 and 5 is calculated via diagonalization. The dipole transition matrix relative to the system ν 2 /ν 5 is derived from Table II of Ref.
[13] by dropping all the matrix elements except those related to ν n' and ν t' ; such a matrix is reproduced with specified values of n' and t' in Table 3 of the present paper.
Nevertheless, in 
Intensity analysis and results
The individual-line intensity .atm -1 at a temperature T ) for a transition between two vibrational-rotational states ' " B A → is given [18] by
In equation (1) In the present work, no fit of the line positions was performed. The energy parameters for both ground and upper vibrational states were fixed to the values obtained in Ref. [6] . The programs described in Ref. [13] were used to reproduce the energy levels, line positions, and eigenvectors required for the line intensity calculation.
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The [20] and by Muriel Lepère et al. [21] . These authors also introduced in their fit the Herman-Wallis coefficient
The results of this work confirm a positive sign of the Coriolis intensity perturbation
, as predicted in our previous work [6] . 
The present line intensity analysis combined with the assignments and line positions of Kwabia Tchana et al. [6] provides an improved CH 3 Br compilation at 7 µm for databases such as HITRAN [11] and GEISA [12] . To illustrate the quality of our results, Figure 4 shows the observed and calculated spectra of methyl bromide from 1420 to 1423 cm 
DISCUSSION
The vibrational band strengths obtained in this study are shown in Table 7 together with those obtained from previous investigations. In the present study the vibrational band strengths 2 S and 5 S were derived for the first time by an analysis of individual line intensities. The values of Refs. [7] [8] [9] were determined from integrated band absorptions, using band separation techniques applied on low-resolution spectra.
The integrated band intensities obtained from Refs. [7] [8] [9] Figure 5 shows the contribution of the hot band ν 5 + ν 3 -ν 3 , centered at 1447.08 cm -1 , to the band strength 5 S .
To compare our result with earlier measurements obtained at low resolution from the integrated band absorption intensity A including all hot bands in the ν 2 and ν 5 regions, we have used the relation
where v Q is the vibrational partition function and v S the integrated band absorption intensity without hot bands. Employing the values of the integrated band absorption intensity A from Refs. [7] [8] [9] , and using equation (5) ) for the references [7] [8] [9] , given in Table 7 .
Our values are close to the averages of the previous references (57,4 cm .atm -1 for 5 S ) but the values of 5 S from references [8, 9] are higher than ours, while the value from the oldest study [7] is lower. In conclusion, the present analysis makes use of individual line intensities accurately measured and carefully selected and is based on intensity calculations accounting for rovibrational interaction between ν 2 and ν 5 . It should improve our knowledge of the intensity parameters of the ν 2 and ν 5 fundamentals of CH 3 Br.
CONCLUSIONS
The aim of this work was to determine the values of intensity parameters for the fundamental bands ν 2 and ν 5 . For that, we measured 313 line intensities, chosen to be well distributed among the two bands ν 2 and ν 5 . Modeling of the intensities was achieved within a dyad system. This model is required to account for the rather large Coriolis coupling ν 2 /ν 5 . The intensities were reproduced with an overall standard deviation of 3.0%, to be compared to a mean experimental uncertainty equal to 4%.
For the first time, the band strengths 2 S and 5 S were derived by an analysis of individual line intensities.
A list of lines, in ASCII text format, providing the same information as Tables 5 and 6 with the addition of the energy of the lower level of each transitions, is available on request from one of the authors (E-mail: fkwabia@yahoo.fr).
hal-00745768, version 1 -26 Oct 2012 Unapodized absorption spectra of CH 3 Br between 1260 and 1560 cm -1 , recorded at a resolution of 0.002 cm -1 using a Bruker IFS 120 HR located at LADIR (Paris, France), with the experimental conditions reported in Table 1 . Comparison between calculated and observed spectra in the 1446.2-1447.8 cm The numbers in parentheses represent the absolute uncertainty in the units of the last digit quoted.
The absolute uncertainty is estimated to be 0.4% of the measured pressure. Recorded using the Bruker IFS 120 HR located at LPPM, Orsay (see reference [6] for more details). Note. The resolution is equal to 0.9/(Maximum Optical Path Difference) and 1 atm = 1013 mbar. Difference between the individual and averaged position. Difference between the individual and averaged intensity. 
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is the M-reduced transition moment defined in Ref. [19] .
(R branch) and 1 − J (P branch). The expressions of F functions in terms of , J , m and K can be found in Table XIV of Ref. [19] . The origin of all coefficients can be found in Ref. [19] . The quoted errors are one standard deviation. The quoted errors are one standard deviation. .atm -1 at 296 K. The sum of all calculated single-line intensities has been given with an estimated 4% precision (see Table 4 ).
